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Abstract 
The assessment of the CO2 storage potential in the Province of Québec, Canada, evaluates the four Paleozoic 
sedimentary basins present in the south of the province. The St. Lawrence Lowlands sub-basin represents by far the 
most prospective basin for CO2 storage. It contains excellent reservoir-seal pairs and several large CO2 emitters are 
present. The Anticosti sub-basin and the Magdalen basins are geologically prospective for CO2 storage, but 
infrastructure and accessibility are poor due to their offshore setting and large CO2 emitters are located far away. The 
prospectivity of the Appalachian and Gaspé Belt basins for CO2 storage is evaluated as very low, except for the 
northeastern part of the Gaspé Peninsula which offers more potential. 
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1. Introduction 
The Government of Québec, in eastern Canada, has the objective to reduce its greenhouse gas 
emissions of 20% compared to 1990 by 2020 [1] and decided to explore CO2 geological storage as an 
option for reaching this reduction target. Geological media that can be used for CO2 storage (e.g. depleted 
oil and gas reservoirs, deep saline aquifers, coal beds) are located in sedimentary basins. However, 
sedimentary basins do not necessarily contain the proper geological media storage and these media may 
not satisfy minimum qualitative criteria (e.g. depth, size) for safe CO2 storage. Therefore, sedimentary 
basins are not all equally prospective for CO2 storage. A basin-scale assessment for CO2 storage potential 
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in Québec sedimentary basins was conducted to identify the most prospective basins. It represents the 
first step in identifying the best regions for geological storage of CO2 and for guiding future site selection.  
2. Methodology 
The suitability of the sedimentary basins of southern Québec for CO2 geological storage is assessed 
following the methodology developed by Bachu [2] and Kaldi and Gibson-Poole [3]. According to this 
evaluation method, the basin suitability is evaluated using the qualitative geological and practical 
characteristics of the basins that are transformed in quantitative values (Table 1). Fifteen criteria have 
been chosen in order to assess the suitability of Québec sedimentary basins for CO2 storage. Geological 
criteria include size and depth of the basin, seismicity, faulting and fracturing, reservoir-seal pair, 
geothermal regime, hydrocarbon potential, presence of coal and evaporites, and maturity of exploration. 
Practical criteria are on/off shore setting of the basin, climate, accessibility, infrastructure and proximity 
of CO2 sources. Each sedimentary basin is assessed according to each of the above criteria. Some other 
specific criteria were not assessed because the data were not available (e.g. pressure regime, 
hydrogeology). It can also be noted that there is no regulatory status for CO2 storage in the Province of 
Québec, but status regulating the natural gas storage could be used for a demonstration project. 
Table 1. Criteria for assessing CO2 storage potential of sedimentary basins in southern Québec. Modified from Bachu [2] and Kaldi 
and Gibson-Poole [3]. Numbers in {} represent the quantitative values assigned to each class of each criterion. 
 Criteria 
Classes     
Weight 
j=1 j=2 j=3 j=4 j=5 
i=1 Seismicity -  
tectonic setting 
{1} Very high {3} High {7} Intermediate {15} Low {15}Very low 0.10 
i=2 Size (km2) {1} <1,000 {3} 1,000-5,000 {5} 5,000-25,000 {8} 25,000-50,000 {10} >50,000 0.06 
i=3 Depth {1} Very shallow 
(<300 m) 
{2} Shallow 
(300-800 m) 
{6} Deep 
(>3,500 m) 
{10} Intermediate 
(800-3,500 m) 
 0.10 
i=4 Deformation {1} Extensive {4} Moderate {10} Limited   0.09 
i=5 Reservoir-seal 
pair 
{1} Poor {4} Intermediate {10} Excellent   0.10 
i=6 Geothermal 
regime 
{1} Warm basin 
(>40 °C/km) 
{4} Moderate 
(30-40 °C/km) 
{10} Cold basin 
(<30 °C/km) 
  0.08 
i=7 Hydrocarbon 
potential 
{1} None {3} Small {7} Medium {14} Large {21} Giant 0.04 
i=8 Evaporites {1} None {2} Domes {3} Beds   0.01 
i=9 Coal {1} None {2} Deep  
(>800 m) 
{5} Shallow 
(200-800 m) 
  0.04 
i=10 Maturity {1} Unexplored {2} Exploration {4} Developing {8} Mature {10} Super mature 0.08 
i=11 On/Off shore {1} Deep offshore {5} Shallow 
offshore 
{10} Shallow 
offshore and 
onshore 
{15} Onshore  0.11 
i=12 Climate {1} Arctic {2} Sub-arctic {4} Desert {7} Tropical {10} Temperate 0.04 
i=13 Accessibility {1} Inaccessible {3} Difficult {6} Acceptable {10} Easy  0.04 
i=14 Infrastructure {1} None {3} Minor {7} Moderate {10} Extensive  0.05 
i=15 CO2 sources {1} None {3} Few {7} Moderate {11} Significant {15} Many 0.06 
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Fig. 1. Distribution of sedimentary basins and major sources of CO2 in the Province of Québec. ASB: Anticosti sub-basin; LSB: 
St. Lawrence Lowlands sub-basin; LL: Logan’s Line; ET: Eastern Townships; GP: Gaspé Peninsula; P.E.I.: Prince Edward Island. 
Data source for CO2 emissions: Environment Canada [5]. 
The evaluation method used allows modifying the criteria and classes as well as their values and 
weights depending on the context of the assessment. In this context, some classes were modified as well 
as their values and the weights of the criteria were adapted to the context of southern Québec. The score 
of the basins allows ranking the basins in order of suitability for geological CO2 storage and identify 
which one should be focused on in future studies. 
3. Geology of sedimentary basins in the Province of Québec 
The Province of Québec is broadly divided into two geological provinces: the Canadian Shield, to the 
north, and the Appalachian mountain belt, to the south (Figure 1). The Canadian Shield is made up of 
Precambrian igneous, volcanic and metamorphic rocks which are not suitable for CO2 geological storage. 
The Appalachian mountain belt, however, is made up of Paleozoic sedimentary rocks that can be divided 
into four basins: the St. Lawrence platform, the Appalachian basin, the Gaspé Belt basin and the 
Magdalen basin (Figure 1).  
These basins correspond to major temporal and spatial divisions of the Canadian Appalachians related 
to major orogenic events and regional-scale unconformities [4]. The St. Lawrence platform and the 
Appalachian basin are made up Cambrian-Ordovician rocks of the ancient passive margin of Laurentia 
and of the adjacent oceanic domain of Iapetus [4]. These lower Paleozoic rock assemblages were mainly 
folded and faulted during the Middle to Late Ordovician Taconian orogeny and were unconformably 
overlain by Silurian-Devonian rocks of the Gaspé Belt basin which were deformed by the subsequent 
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Middle to Late Devonian Acadian orogeny. Carboniferous-Permian rocks of the Magdalen basin 
represent a successor basin following the two major, Taconian and Acadian, orogenic events which 
formed the Appalachians. These upper Paleozoic rocks in Québec were mostly unaffected by the Late 
Pensylvanian- Permian Alleghanian orogeny. 
4. Assessment of sedimentary basin 
The geological and practical criteria of the evaluated basins are summarized in Table 2. The climate is 
temperate in southern Québec where all the sedimentary basins are located. Québec sedimentary basins 
are located on the divergent margin of the Atlantic Ocean, a stable rigid lithosphere of low seismicity 
with very few earthquakes of magnitude larger than four [6]. Two zones with higher intensity earthquakes 
activity in the St. Lawrence platform basin, between Québec City and Anticosti Island, should be avoided 
for geological storage (Figure 2). 
Table 2. Evaluation of the criteria and ranking of the potential of southern Québec sedimentary basins for CO2 storage. 
 St. Lawrence Platform    
 Lowlands Anticosti Appalachian Gaspé Belt Magdalen 
Seismicity – Tectonic setting 4 4 4 4 4 
Size 3 5 5 4 4 
Depth 5 5 N/A 5 5 
Deformation 5 5 1 1 5 
Reservoir-seal pair 5 5 1 1 5 
Geothermal regime 5 5 5 5 5 
Hydrocarbon potential 3 3 1 2 4 
Evaporites 1 1 1 1 3 
Coal 1 1 1 1 2 
Maturity 3 2 1 2 2 
On/Off shore 5 4 2 5 3 
Climate 5 5 5 5 5 
Accessibility 5 2 5 5 2 
Infrastructure 5 2 5 5 2 
CO2 sources 5 2 3 1 2 
Score 0.84 0.69 0.51 0.58 0.67 
Ranking 1 2 5 4 3 
4.1. St. Lawrence platform basin 
The St. Lawrence platform basin is made up of Cambrian to Lower Silurian rocks unconformably 
resting on the Precambrian shield and limited to the southeast by a major thrust fault, the Logan’s Line, 
which is the boundary with the allochtons of the Appalachian basin (Figure 4). The St. Lawrence platform 
is divided into two sub-basins: the Anticosti sub-basin to the northeast, in the Gulf of St. Lawrence, and 
the St. Lawrence Lowlands sub-basin, to the southwest between Montréal and Quebec City (Figure 1).  
The St. Lawrence Lowlands sub-basin extends over an area of approximately 20,000 km2 in a region 
where seismic and well data coverage is the most concentrated in Québec (Figure 3). Oil and gas 
exploration is currently active for unconventional shale gas. Deformation intensity in this sub-basin varies 
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from very low to intermediate towards the Logan’s Line where rocks of the platform are imbricated in 
thrust slices (Table 2, Figure 4). Candidate reservoirs at the base of the stratigraphic succession include 
sandstones of the Potsdam Group, dolostones of the Beekmantown Group and limestones of the Chazy, 
Black-River and Trenton groups (Figure 4). The Utica Shale and the overlying fine-grained rocks of the 
Lorraine Group are candidate seals. The base of the Utica Shale is found at depths of 500 to more than 
4,000 meters, deepening from the St. Lawrence River toward the southeast in the basin. Bottom hole 
temperature data indicate a geothermal gradient of about 20°C/km in the basin. All practical criteria are 
favourable for CO2 geological storage mostly because the basin is located in the most populated and 
developed region of the province (Table 2). There are several large CO2 emitters located directly in the 
basin, between Montréal and Quebec City (Figure 1). 
 
 
Fig. 2. Distribution of earthquakes epicenters from 1985 to 2010 in southeastern Canada and New England in the United States. 
ET: Eastern Townships; GP: Gaspé Peninsula. Earthquakes data source: Earthquakes Canada [6]. 
 
Fig. 3. Location of oil and gas wells in the Province of Québec. ET: Eastern Townships; GP: Gaspé Peninsula. 
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Fig. 4. Architecture of the St. Lawrence Lowlands sub-basin based on the M-2001 seismic profile. See Figure 1 for location. 
Modified from Castonguay et al. [7]. 
The Anticosti sub-basin which extends over an area of about 90,000 km2 is only affected by syn-
sedimentary normal faults and the intensity of deformation is low [8]. Porous hydrothermal dolostones of 
the Romaine, Mingan, Black River and Trenton formations are potential reservoirs [9], whereas the 
overlying shale of the Macasty Formation is the candidate seal. The depth at the base of the Macasty shale 
varies between 400 and more than 2300 meters from north to south on Anticosti Island. Seismic data 
indicate that sedimentary units cropping out on Anticosti Island are continuous southwards in the Gulf of 
St. Lawrence, but there are no offshore wells (Figure 3). Well log temperature data indicate a geothermal 
gradient of about 20°C/km. There is active oil and gas exploration on the Anticosti Island (Figure 3) and a 
medium hydrocarbon potential is assumed (Table 2). The Anticosti sub-basin is geologically prospective 
for CO2 storage, but infrastructure on the island is poor, accessibility is difficult due to its offshore setting 
and the closest large CO2 emitters are located at more than 200 km on the north shore of the St. Lawrence 
River (Figure 1). 
4.2. Appalachian basin 
The Appalachian basin (also known as the Taconian basin) extends over an area of approximately 
50,000 km2. It is made up of rift-related basalts, slope and rise deposits of the ancient Cambrian-
Ordovician passive margin of Laurentia and Ordovician rocks of the adjacent oceanic domain. These 
rocks were highly folded and faulted, mainly by the Taconian orogeny and also by the later Acadian 
orogeny. Even if reservoir-seal pairs are present in the basin, very few seismic and well data are available 
to constrain their depth and their geometry (Figure 3). The Appalachian basin is practically unexplored 
for oil and gas and most of the wells in the basin were targeting reservoir rocks of the St. Lawrence 
platform basin caught up in thrust slices (e.g. Saint-Flavien slice) or in the platform itself below the thrust 
sheets (Figure 4). As there are very few temperature data in depth, the geothermal gradient is estimated as 
cold according to the geothermal map of North America [10] and the temperatures of the adjacent basins. 
The accessibility is easy and the infrastructures are extensive (Table 2), but there are very few large CO2 
emitters in the basin (Figure 1). As a whole, the CO2 storage prospectivity of the Appalachian basin is 
evaluated as very low (Table 2). 
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4.3. Gaspé Belt basin 
The Gaspé Belt basin (also known as the Acadian basin) extends over an area of about 35,000 km2 in 
Québec, and is mainly located in the Gaspé Peninsula (Figure 1). It represents a successor basin of the 
Taconian orogeny located south of the Appalachian basin. The basin is made up of Upper Ordovician to 
Lower Devonian rocks deformed by the Devonian Acadian orogeny. The intensity of deformation and 
metamorphism is high to moderate (Table 2) but increase significantly southwards in the basin [11]. The 
Eastern Townships and the southern part of the Gaspé Peninsula are still unexplored for oil and gas 
(Figure 3). Due to complex geology and lack of data, the CO2 storage prospectivity of these parts of the 
Gaspé Belt basin is evaluated as very low. Oil and gas exploration is better developed in the northern part 
of the basin where the intensity of deformation is moderate to low. Data from wells and seismic lines are 
available, particularly in the northeastern Gaspé Peninsula (Figure 3). Devonian sandstones, as well as 
Silurian and Devonian carbonates with reefs, are potential reservoirs, whereas extensively developed 
Silurian-Devonian fine-grained clastics are candidate seals. Pinnacle reefs of the West Point Formation 
surrounded and overlain by fine-grained clastics of the Indian Point Formation is an example of a good 
reservoir-seal pair [9]. Well log temperature data indicate a geothermal gradient of about 20°C/km. The 
accessibility is easy and the infrastructures are extensive (Table 2) but there are no large CO2 emitters 
nearby (Figure 1). The northeastern part of the Gaspé Belt basin in the Gaspé Peninsula is geologically 
prospective for CO2 storage. 
4.4. Magdalen basin 
The Magdalen basin extends over an area of approximately 40,000 km2 in Québec, mainly offshore in 
the Gulf of St. Lawrence (Figure 1). The basin is made up of Upper Devonian to Lower Permian rocks 
including evaporite beds and domes as well as coal measures [9]. Upper Paleozoic strata are nearly 
subhorizontal and are not affected by regional folding. The basin is however affected by extensional and 
strike-slip faults that were active during its development. Coarse clastics and carbonate rocks are potential 
reservoirs, whereas evaporites and shales with large lateral and vertical extent are candidate seals. 
Sandstones of the Horton Group and carbonates with bioherms at the base of the Windsor Group that are 
both overlain by evaporites of the Windsor Group are examples of good reservoir-seal pairs. Another 
reservoir-seal pair is present in the Pictou Group where sandstones are overlain by thick shales [9]. Salt 
domes have been the focus for oil and gas exploration but the maturity of exploration is still low (Figure 
3; Table 2). As there are very few temperature data in depth, the geothermal gradient is estimated as cold 
according to the geothermal map of North America [10] and the temperatures of the other basins. The 
Magdalen basin is geologically prospective for CO2 storage, but the practical criteria are not favourable. 
Large CO2 emitters are locally present on land at the western edge of the basin, as well as on the 
Magdalen Islands (Figure 1), but the accessibility and infrastructure of the offshore potential CO2 storage 
sites do not exist (Table 2). 
5. Conclusion 
The St. Lawrence Lowlands sub-basin represents by far the most prospective basin for CO2 storage in 
the Province of Québec (highest score of 0.84, Table 2). Available seismic and well data from the oil and 
gas exploration allow for initiating a local-scale quantitative assessment of specific sequestration sites. 
Reservoir properties (e.g. depth, thickness, porosity, permeability, salinity) and caprock properties (e.g. 
lateral continuity, thickness, capillary entry pressure) will be evaluated. 
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Despite the fact that practical criteria are not very favourable, the Anticosti sub-basin and Magdalen 
basin offer good potential for CO2 storage with scores of 0.69 and 0.67 (Table 2). Geological 
characteristics of the two basins are very favourable and compensate the poor infrastructure and 
accessibility as well as their offshore setting. They could be studied in more detail in the future, 
depending on the need for CO2 storage in the province. 
Finally, except for the northeastern part of the Gaspé Peninsula, the Appalachian and Gaspé Belt 
basins do not offer good potential for CO2 storage (scores of 0.51 and 0.58, Table 2) and are not, actually, 
considered for future studies.  
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